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OBOCBVDi  To  investigate  the  effects  of  low  frequency  radio  waves  on 
▼table  seeds  of  Zee  nalte.  &s  a function  of  frequency, 
intensity  nrd  exposure  length. 

stmwi  or  rsduibi 

A.  Since  start  of  project. 

Worts  on  irradiation  of  seeds  has  been  nearly  completed  with 
the  exception  of  further  exploration  In  the  20  megacycle  rejion.  The 
studies  ct  9000  cycles  have  been  completed  with  both  Golden  Beaten  end 
Bar-Bred  varieties  of  seeds.  The  statistical  breakdown  of  the  results 
on  Golden  Bantam  was  given  in  the  last  report.  Work  on  the  Bar-Bred 

needs  la  so  slnllcr  in  results  that  the  teat  series  cannot  be  diet  la- 

\ 

guished  from  each  other.  Tesla  coil  Irradiation  was  carried  out  at 
frequencies  of  129  Be,  1*7  Kb,  179  Be  and  200  Kc.  Ho  differences 
between  seed  varieties  was  observed  here.  At  none  of  the  above 
frequencies  can  any  statistically  significant  lethal  effect  be 
demonstrated. 

It  was  hoped  that  work  at  higher  temperatures  night  lead  to 
further  Information.  Tbs  frequency  series  noted  above  have  been 
reproduced  at  *7*C  and  at  55 *C,  but  here  again  there  is  no  reliable  sign 
of  a lethal  effect  due  to  the  fields.  The  fields  used  have  been  applied 
for  periods  up  to  eight  hours,  end  with  intensities  of  up  to  10,000  volts 
per  centimeter. 

A point  af  some  interest  with  regard  to  prolonged  exposure  to 
high  fields  is  the  negligible  rise  in  temperature  observed  in  the  seeds. 
With  a knowledge  of  the  frequency,  dissipation  factor,  and  dielectric 


constant , It  Is  easily  shown  that  taupe rnture  rises  of  the  order  of  5*C 
per  hour  say  be  expected*  Bow ever,  in  no  case  has  no  re  then  3*C  for  a 
total  period  of  eight  hoars  been  observed.  This  is  due  to  the  United 
validity  of  tbs  eo— only  used  method  of  calculation,  which  assumes 
tenths  weal  conditions,  which  apparently  are  not  existent  within  the 
seeds. 

The  only  important  changes  of  temperature  have  been  observed  during 
irradiation  at  *0  epa  with  an  effective  field  of  60  kilovolts  peek. 

Under  theee  conditions  a rise  Of  22*C  was  measured  after  a 2 hour 
exposure,  contrasted  with  the  calculated  rise  of  7*»*C. 

* the  initial  eerie  on  the  aeasureasnts  of  dielectric  constants  and 
dissipation  factor  has  been  extended  to  tbs  frequency  range  of 
10  megacycles.  this  ie  shown  for  Golden  Bantam  at  room  temperature  in 
Figure  1*  Wo  significant  discontinuities  nay  be  seen  in  these  curves, 
although  above  9GGKc  tbs  effects  of  lead  inductance  have  made  the 
reeding*  rather  variable.  At  the  low  frequency  end  of  the  curves  the 
rise  of  dielectric  constant  end  large  increase  in  dissipation  factor  is 
cannon  to  both  varieties  of  seeds,  although  there  is  a strong  tanperatura 
dependence  which  largely  restores  these  Increases  at  low  taaperaturee. 

B.  Current  period*  < 

Clear  cut  lethal  effects  are  produced  when  the  seeds  are  exposed 
to  20  megacycles  at  000  volts  ns  for  periods  of  k 1/2  hours.  The 
heating  effect  under  these  conditions  is  pronounced. 

Measurements  of  dissipation  factor  versus  frequency  as  a function 
of  temperature  have  been  extended  to  10  megacycles,  and  the  two  varieties 
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of  corn  cocpared  with  sunf  lower  seeds.  figure  3 shows  representative 
curves,  Meaaurenetrt*  were  alto  sate  to  compare  dehydrate  1 ttedi  vtth 
thott  froten.  figure  2 shove  clearly  that  freezing  and  dehydration  h ave 
simller  tffeett  on  the  dissipation  factor. 

The  quantities  Matured  during  the  past  and  present  report  periods 
have  been  need  to  eonstract  graphs  shoving  the  variation  of  equivalent 
parallel  resistance  with  frequency.  There  Is  a close  similarity  between 
these  curves  for  various  conditions,  as  shown  in  figure  4.  Two 
electrical  models  have  been  examined,  either  of  which  say  give  curves 
stellar  to  thoee  1l  Igure  k\ 

Continued  eeerch  for  e substance  non-inj  various  to  corn,  with  a 
very  higi  dielectric  strength,  and  low  dielectric  constant,  has  been 
unsuccessful  so  far. 

PLAS5  Ft*  VDIORBx 

IMS il latex  A rearrangement  of  the  teapemture  control  system 
surrounding  ths  dielectric  Maeurswnt  cell  is  aoet  desirable  to  reduce 
the  effects  of  lead  inductance  at  high  frequencies.  When  this  Is 
acccapUMsd  it  is  hoped  to  repeat  aoet  of  the  curves  which  have 
questionable  points  to  obtain  better  consistency  In  the  data. 

X f equipment  becomes  svailsble,  the  work  will  be  extended  to  still 
higher  frequencies*  It  Is  hoped  that  we  nay  obtain  continuous  curves 
of  dissipation  and  dielectric  constant  at  several  temperatures  up  to 
1000  megacycles. 

With  the  improved  data,  curve  fitting  experiments  will  be  under- 
taken to  select  a good  model  to  explain  the  curves  of  parallel  resistance 
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▼I.  frequency.  Ihtinraneats  must  also  bt  mode  to  determine  whether  the 
dependence  of  SC  resistance  on  field  strength  is  non -ohmic. 

too*  Range i The  frequency  spectrum  will  be  examined  for  evidence 
<sf  molecular  abeerptfas.  ?e  «Sfell  alee  try  to  gather  information  oa 
the  charge,  mobility,  and  perhaps  specie*  of  late  responsible  for  the 
lov  frequency  effect*  observed. 

OBAXIXD  MOCWB 

Investigation  of  extremely  high  field  effect*  hoe  been  hampered 
by  the  leek  of  a good  dielectric.  It  Is  necessary  to  laaterse  the  seeds 
In  a dielectric,  expose  then  to  the  field,  and  then  remove  the  dielectric 
and  geminate  the  aeeda.  However,  the  materials  tried  have  bad  uniformly 
bad  effects  on  tbs  gemination.  The  combination  of  lov  dielectric 
constant,  high  dielectric  strength,  and  no  chemical  effect  on  the  eeed 
is  available  with  some  transformer  potting  material^  for  instance,  but 
these  pose  the  serious  difficulty  of  removal  so  that  germination  tests 
may  be  ccndi^ted.  Most  of  the  organic  solvents  have  damaging  effects. 
Various  transformer  oils  have  shown  the  most  promise,  but  these  seem 
to  penetrate  the  seeds  and  kill  them.  Zt  la  hoped  that  we  may  secure 
seme  temple*  of  Sigh -boiling  Freon*  or  similar  substances  to  continue 
this  work. 

A variable  frequency  oscillator  which  vill  produce  200  watts  cv 
became  available  and  has  been  used  to  Irradiate  the  seeds  at  higher 
frequencies.  A serlea  of  preliminary  tests  at  20  megacycles  shows  h2% 
germination  for  eeeds  exposed  b 1/2  hours  at  800  volts  ros.  This  is  in 
contrast  to  the  standard  gemination  of  9^i  for  these  seeds. 
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Unfortunately  no  record  of  the  actual  temperature  attained  was  taken, 
although  the  seeds  are  quite  hot  to  the  touch  after  the  exposure.  *o 
sign  of  ecorch  or  hum  was  noticed*  These  result#  have  not  yet  been 
thoroughly  investigated  due  to  the  arrival  of  a General  Radio  Type  821 
Bridge* 

Thle  bridge  hae  node  it  poaeible  to  extend  the  range  of  our 

msssurensnts  up  to  at  leant  10  megacycles,  although  nominally  they  could 

go  to  to  Megacycles.  Bcmsvsr,  it  vas  found  that  the  points  obtained  at 

poor 

range*  above  10  Megacycles  bavsyreproducibility,  dm  entirely  to  the 
variation  in  lead  Inductance  batman  experiment  a.  As  presently  constl* 
toted,  it  ia  necessary  to  run  a self -supporting  parallel  line  from  the 
bridge  temlnale  to  the  dielectric  test  condenser.  The  test  condenser 
oust  be  several  indies  from  the  bridge,  due  to  the  arrangement  of  the 
beating  end  cooling  devices.  The  unavoidable  movement  of  the  cell  and 
temperature  controls  between  filling  and  emptying  the  cell  has  produced 
changes  in  the  Inductance,  which  though  small,  have  an  appreciable 
effect  on  the  Measurement*  at  higher  frequencies.  General  Radio  does 
furnish  an  elaborate  system  for  corrections,  which  hare  been  applied  in 
some  trials,  but  these  are  still  not  too  reliable,  at  least  ebcve 
15  Megacycles  or  to* 

Graphs  1 and  3 indicate  the  for*  taken  by  the  dissipation  factor 
as  a function  of  changing  frequency  and  temperature.  We  are  not  too  . 
interested  in  the  variation  of  the  dielectric  constant  at  the  present 
time,  although  of  course  the* data  for  its  computation  is  available  from 
the  dissipation  factor  measurements. 
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It  has  been  cfesreved  in  all  cam*  that  beating  end  cooling  the 
needs  hen  a strong  effect  oa  the  dissipation  factor  and  a node  rate  effect 
oa  the  dielectric  constant.  The  magnitude  of  the  change  In  dissipation 
depends  not  only  on  the  tcaperaturo  hut  on  the  frequency  at  which  the 
■easuremeat  is  taken.  Figure  three  indicates  how  the  low  frequency-high 
temperature  curve  riees  above  that  takes  at  roughly  rocra  temperature, 
while  et  higher  frequencies,  the  roes  temperature  curve  becowi  higher, 
there  la  no  apparent  mathematical  relationship  here  between  change  in 
dissipation  and  changa  in  traps  re  tore. 

During  this  psriod  ws  also  obtained  a Bocoton  I60-A  "Q-oeter"  for 
checking  the  results  of  tbs  two  General  Radio  bridges.  Ibis  instrunect 
has  a useful  range  ef  froo  50  Be  to  75  megacycles,  although  at  previously 
mentioned,  lead  inductances  prevent  good  readings  at  the  highest 

frequencies.  Ons  of  the  nost  useful  benefits  of  this  instrument  la  its 

* 

ability  to  brldgs  the  transition  tone  between  the  upper  range  of  our  low 
frequency  brldra  end  the  low  frequency  range  of  our  high  frequency  bridge. 
Both  bridges  ere  slightly  unreliable  at  the  extreme  ends  of  their  ranges, 
despite  the  corrections  offered  by  General  Radio  Company.  We  now  have 
data  which  is  perfectly  reliable  in  this  transition  tone,  end  some  of 
it  la  used  in  plotting  Figure  k. 

At  the  sens  tine  it  was  thought  useful  to  try  some  completely 
different  type  of  seed,  both  as  to  chemical  constitution  and  shape. 

8unf lower  seeds  wen  selected  as  being  a useful  type,  since  they  differ 
In  slss  and  shape  and  are  heavily  loaded  with  natural  oils,  as  contrasted 
to  the  starches  of  corn.  Figure  3 shows  s dissipation  factor  curve  of 
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sunflower,  oe  a function  of  frequency.  At  higher  temperatures  the 
dissipation  factor  rises  ^ust  as  la  com,  however  the  megnitods  cf  thle 
chans*  i»  ccnstdsrably  larger.  W»  have  cot  yet  tested  the  sunflower  seeds 
at  low  temperatures  to  compere  with  the  corn  values. 

The  original  assumption,  that  psrtmpo  increased  thermal  energy  night 

be  freeing  molecular  dipoles  for  easy  reorientation,  appeared  less  likely 

due  to  the  lack  of  any  specific  frequency  hand.  And,  or  course,  at  low 

frequency  range  where  the  dissipation  factor  Increases  markedly,  it 

si— a quite  unlikely  that  this  was  a molecular  effect.  During  a search 

1 

far  a suitable  explanation,  a paper  by  J.  Ross  MacDonald  appeared  which 
offered  some  Interesting  possibilities.  This  paper  develops  a theory  cf 
behavior  for  AC  characteristics  of  either  solids  cf  liquids  which  contain 
charge  carriers  hut  have  blocking  electrodes.  A general  solution  is 
given  for  the  admittance  of  such  materials,  and  useful  comparisons  are 
made  with  other  similar  theories.  The  quantities  used  In  the  calculations 
are  la  most  coses  available  from  our  current  data  with  the  simple 
exception  that  we  have  been  using  equivalent  resistance  where  MacDonald 
uses  equivalent  conductance.  A somewhat  more  important  difficulty  was 
discovered  in  finding  the  limiting  high  frequency  value  of  conductance, 
since  as  previously  mentioned,  oar  high  frequency  measurements  ore  not 
good*  Thert  was  also  a minor  problem  in  measurement  cf  DC  capacitance 
of  the  dielectric  cell  end  seeds,  but  this  has  been  satisfactorily 
approached  by  extending  bridge  measurements  to  30  cps  and  then 
extrapolating.  Thus  we  have  mads  a preliminary  graph  of  parallel  capaci- 
tance/DC  capacitance,  but  have  so  for  been  unable  to  do  this  for  the 
conductance  ratios. 
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The  importance  of  being  able  to  construct  g raphe  of  this  type 

4 

lies  in  the  feet  that  MacDonald  bee  given  parameters  which  control  the 
shape  of  the  curvet,  end  theee  parameters  directly  relate  to  the  loaf  e 
conditions  within  the  eeede.  Satisfactory  completion  of  there  measuremeotc 
would  give  tie  charge,  sign,  mobility,  diffusion  eonetenta  end  perhaps 
valences  of  the  taofelle  lone  vithln  the  cells  of  the  seeds. 

It  vaa  at  first  thought  that  certain  rational  assumptions  be 

■ads  concerning  ease  of  these  values  and  curves  calculated  to  natch  the 
experimentally  derived  curve  of  capacitance  ratio  nentloned  above. 

However,  tbie  Involves  sods  formidable  computation  and  personal  communt* 
cation  vith  McDonald  reveals  that  this  type  of  work  le  beet  done  on 
computing  machines,  such  as  the  SEN  card  programed  calculator  used  for 
his  writ*  During  this  period  it  vna  also  found  that  a plot  of  equivalent 
parallel  reeletance  against  frequency  on  logarithmic  coordinate  paper 
gave  a rather  sensitive  netted  Of  detecting  deviations  at  any  frequency, 
figure  k etevs  this  type  of  graph  and  Illustrates  that  a straight  line 
relationship  is  shown  above  a certain  frequency  for  the  experimental 
cases.  It  is  also  to  be  expected  that  Rp  against  frequency  on  log  paper 
will  give  a straight  line,  provided  that  the  dissipation  factor  remains 

constant.  Thus  vs  may  easily  see  any  changes  in  dissipation  factor. 

2 

A paper  by  Kallaon,  Kroner,  and  Fer'aJtter  has  offered  acoe  further 
possibilities  for  explanation  of  the  low  frequency  results.  Their 
paper  on  AC  importance  measurements  In  luminescent  powders  describee 
changes  similar  to  those  observed  by  us  as  a function  of  temperature. 

They  ascribe  their  observed  results  to  the  fact  that  certain  portions 
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of  the  pouter  remain  relatively  nonconducting  (mainly  the  surfaces)  while 
the  timer  ports  any  become  conducting  under  the  influence  of  exciting 
radiation.  In  the  case  of  tile  seeds, of  course,  it  is  osavned  that 
charge  carriers  are  increased  in  nobility  by  increasing  the  temperature, 
or  that  the  total  number  of  carriers  has  increased,  the  analogy  is 
reasonably  good,  since  the  seed  hna  a practically  non-conducting  surface 
with  a feebly  conducting  Interior* 

Rail nan  et  al*  furnish  curves  of  tift  variation  of  Q with  exciting 
radiation,  which  show  a pronounced  minimum.  Our  curves  when  translated . 
into  this  fora  show  a continuous  Increase  but  no  anxlaun  at  the 
t naps  returns  so  far  attained.  (The  curves  are  inverted  due  to  the  use 
of  equivalent  parallel  resistance  instead  of  series  resistance).  Their 
explanation  of  this  is  that  Q would  be  high  for  low  conductivity, 
decreasing  when  conductivity  begins  to  Increase  and  rising  again  when 
the  materiel  becomes  strongly  conductive. 

In  order  to  obtain  further  information,  a series  of  experimental 
points  were  taken  for  gar-bred  seeds  at  room  temperature,  at  -lk*C,  and 

jii 

after  dehydration  in  a vacuum  of  10  m.  for  2 weeks.  The  results  of 
this  are  shown  In  figure  2,  where  it  may  be  seen  that  the  frequency 
characteristic  of  dissipation  factor  at  freezing  temperatures  la  almost 
Identical  with  that  taken  after  dehydration.  There  Is  still  a trace  of 
low  frequency  rise  but  far  less  then  that  observed  in  the  normal  seeds. 
When  these  values  are  translated  to  parallel  resistance  they  appear  as 
shown  am  figure  k.  Be  re  It  may  be  seen  that  the  dehydrated  corn  follows 
nearly  a straight  line  at  all  frequencies,  Indicating  little  change  in 
the  Internal  conductance. 
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Ths  shape  op  the  squivnleat  parallel  resistance  curves  vs  frequency 


suggested  that  an  attempt  he  mads  to  forth  an  Electrical  model  vblch 
mould  pertepas  explain  seme  of  the  observation*.  The  simplest  procedure 
is  to  consider  tvo  seeds  la  contact.  This  gives  us  a contact  resistance 
and  a capacitance  between  the  tvo  of  c^.  She  internal  resistance 
of  cm  seed  is  Rg  sad  its  self  capacitance  is  Cg.  For  generality,  a 
provision  should  he  sods  for  aa  inductive  tens,  L.  This  type  of  circuit 

c 


ie  shewn  here: 


0* 
h 


■i 


■t  Ri 

10.  «•*)*.  «V»«to»  *»>  all  «,  lnelua.4  1.  . 

hit  too  umrleldly  to  include  here,  hut  certain  reasonable  simplifications 


may  he  mede,  depending  on  the  interpretation  at  the  model.  If  ve 
select  R^,  Rg  and  only,  the  expression  becomes: 


^ « afal^cf  ♦ <*1  ♦ Kg)2 
e?  + (R^  ♦ Rg) 


Vhsn  ee  include  the  above  term  and  add  C„,  ve  find  that: 


Rp  e e>a»jl|(C1  v Cg)g  » (Rj  ♦ Rg)g 

e£(Rg^cf)  ♦ <RX  ♦ R2) 

the  final  possibility  for  this  situation  is  with  only  C-^,  Cg,  and  Rg, 
which  gives: 

R . 1 ♦ «2<C2  ♦ Og 

©yc^R2  cf 
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’ 1a  say  eaM,  these  expressions  My  1m  ossd  to  give  curves  stellar 
to  those  til  figure  fc,  vten  need  with  a Judicious  selection  of  constant ». 
Tte  sajor  factor  of  teporttete  for  us  to  that  thou  Rg  to  decreased,  ve 
got  wm o Vhich  show  a At  isv  frajuencleo,  sblch  duplicates 

the  oywli  otally  observad  situation  then  the  seeds  are  heated  or  ore 
in  a non-tefeydreted  condition* 

cobcibsi&b  oh  amem  herxcdi 

fte  lethal  effects  obsetved  after  SO  megacycle  irradiation  are  most 

4. 

probably  (km  only  to  tenting*  At  tte  loir  frequency  end  of  the 
Msaurtesats,  tte  groetnat  probability  in  that  tte  Observed  effects  axe 
nearly  nil  doe  to  ionic  conduction  within  tte  seeds,  it  is  assumed 
that  tte  eonAnetien  maetealon  la  very  sensitive  to  email  amounts  of 
eater,  as  indicated  by  large  changes  in  dissipation  factor  produced  by 
freezing  mA  Marly  identical  changes  produced  by  dehydration.  Ho 
definite  atatemnt  nay  yet  be  node  on  tte  changes  in  conduction  mechanism 
prnmmin  oy  otfviXjf • 

fte  large  increases  in  diaaipation  factor  and  tte  increase  in 
dielectric  constant  at  lov  frequency  are  thus  due  not  to  molecular 
reorientation  but  ionic  polarisation  effects* 
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